Uma aproximação altamente eficiente e prática para a síntese de novas bis-chalconas heterocíclicas e as pirazolinas correspondentes foi desenvolvida usando-se celulose sulfonada como um catalisador ambientalmente benigno, biodegradável e reutilizável em condições livres de solvente. O catalisador pode ser utilizado várias vezes sem perda significativa de sua atividade catalítica.
Introduction
Chalcones (1,3-diaryl/heteroaryl-2-propene-1-ones), are important pharmacophores of various natural products. 1 The examples of approved therapeutic agents incorporating this molecular framework include 3-methoxy-4-hydroxyloncocarpin (NADH:ubiquinone oxidoreductase activity inhibitor), xanthohumol (antioxidant) and coumarin-chalcone (anticancer agents), respectively ( Figure 1 ). Many functionalized derivatives are also used as antidiabetic, antitubulin, NO production inhibitor, peritoneal antiangiogenic, antiproliferative agents and probe to study protein-dye interactions. [2] [3] [4] [5] [6] They are generally synthesized via Claisen-Schmidt condensation carried out in basic or acidic media under homogeneous conditions in the presence of various catalysts. [7] [8] [9] [10] [11] [12] However, in spite of their potential utility, many of the reported methods suffer from certain drawbacks like refluxing in hazardous organic solvents for prolonged time, use of expensive and toxic catalysts, high temperature and low product yields, harsh reaction conditions with non-recyclable catalysts.
Heterogeneous solid acid catalysts have received special attention as user-friendly catalysts due to environmental, economic and industrial aspects. Due to good dispersion of active reagent sites, associated selectivity and easier workup procedures, various organic reactions are performed in the presence of heterogeneous catalysts and thus have advantages over the conventional solution phase reactions. 13 These catalysts are also advantageous over homogeneous catalysts as they can be recovered and reused several times to achieve very high turnover numbers, thereby making the process economically viable.
14 These days, science and Vol. 25, No. 6, 2014 technology is shifting emphasis on eco-friendly, natural product resources and reusable catalysts. In this regard, natural biopolymers are attractive candidates for solid supported catalysis. 15 Cellulose, one of the most abundant natural biopolymers in the world, has been widely studied during the past decades because it is both biodegradable and a renewable resource. It is an attractive alternative to conventional organic or inorganic supports in catalytic applications due to its unique properties. 16 It is extremely inert, inexpensive, and have high hydrothermal stability. Recently, cellulose sulfuric acid (CSA) has been employed for the synthesis of thiadiazolo benzimidazoles, pyrroles, 1,4-dihydropyridines, 2,3-dihydroquinazolin-4-ones and Ugi reaction. [17] [18] [19] [20] [21] Thus, based on the above findings and in continuation of our interest in the development of efficient, economical and new methodologies, 22 we herein report, cellulose sulfuric acid (CSA) as a biodegradable and recyclable solid acid catalyst, for the synthesis of novel heterocyclic bischalcones and bis-pyrazolines under thermal solvent-free conditions in excellent yields.
The structure and morphology of the catalyst was established for the first time with the help of powder X-ray diffractograms (XRD), scanning electron microscopy (SEM) and energy dispersion X-ray spectrometer (EDX). The stability of the catalyst was evaluated by thermogravimetric/differential thermal analysis (TG/DTA) characterization techniques.
Experimental
Melting points of all synthesized compounds were taken in a Riechert Thermover instrument and are uncorrected. The Fourier transform infrared (FT-IR) spectra (KBr) were recorded on Perkin Elmer RXI spectrometer. 1 H nuclear magnetic resonance (NMR) and 13 C NMR spectra were recorded on a Bruker DRX-300 and Bruker Avance II 400 spectrometer using tetramethylsilane (TMS) as an internal standard and DMSO-d 6 /CDCl 3 as solvent. Electrospray ionization mass spectra (ESI-MS) were recorded on a THERMO Finnigan LCQ Advantage max ion trap mass spectrometer having an ESI source. Elemental analyses (C, H and N) were conducted using the Elemental vario EL III elemental analyzer and their results were found to be in agreement with the calculated values. 3-Acetyl-4-hydroxycoumarin, 5-acetyl-1,3-dimethyl barbituric acid, 5-acetyl-barbituric acid and 5-acetyl-thiobarbituric acid, [23] [24] [25] were synthesized by reported procedures. Dehydroacetic acid was purchased from E. Merck (Merck, Darmstadt, Germany). Other chemicals were of commercial grade and used without further purification. The homogeneity of the compounds was checked by thin layer chromatography (TLC) on glass plates coated with silica gel G254 (E. Merck) using chloroform-methanol (3:1) mixture as mobile phase and visualized by iodine vapours. XRD of the catalyst were recorded in the 2θ range of 10-70° with scan rate of 4° min -1 on a Rigaku Minifax X-ray diffractometer with Ni-filtered Cu Kα radiation at a wavelength of 1.54060 Å. The SEM-EDX characterization of the catalyst was performed on a JEOL JSM-6510 scanning electron microscope equipped with energy dispersive X-ray spectrometer operating at 20 kV. TG/DTA was obtained with DTG-60H, with a heating rate of 20 °C min -1 from 0 to 500 °C under N 2 atmosphere.
Preparation of cellulose sulfuric acid
Cellulose sulfuric acid was prepared by the dropwise addition of chlorosulfonic acid (1.0 g, 9 mmol) to a magnetically stirred mixture of cellulose (5.0 g) in n-hexane (20 mL) at 0 °C during 2 h. HCl gas was removed from the reaction vessel immediately. After the addition was complete, the mixture was stirred for another 2 h. Then the mixture was filtered, washed with 30 mL of acetonitrile and dried at room temperature to afford 5.25 g of cellulose sulfuric acid as a white powder. The number of H + sites on the cellulose-SO 3 H, determined by back titration, was 0.50 meq g -1 .
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General procedure for the synthesis of bis-chalcones (3a-e) under solvent-free conditions Terephthaldehyde 1 (1.00 mmol), 3-acetyl-4-hydroxycoumarin/dehydroacetic acid/5-acetyl-1,3-dimethylbarbituric acid/5-acetylbarbituric acid/5-acetylthiobarbituric acid (2a-e) (2.00 mmol) and CSA (0.06 g) were mixed thoroughly using a mortar and pestle, transferred to an open pyrex 100 mL beaker and heated at 70 °C for the given time (Table 1) . After completion of the reaction (monitored by TLC), the reaction mixture was cooled to room temperature and added ethyl acetate (5 mL). The reaction mixture was filtered to remove the catalyst and concentrated to furnish pure products (3a-e). General procedure for the synthesis of bis-pyrazolines (5a-j) under solvent-free conditions
The compound 3a-e (1.00 mmol) and hydrazines (hydrazine hydrate (2.00 mmol)/phenyl hydrazine (2.00 mmol)) and CSA (0.06 g) were mixed well and heated at 70 °C in a 100 mL beaker. After completion of the reaction (monitored by TLC), the reaction mixture was cooled to room temperature and added ethyl acetate (5 mL). The reaction mixture was filtered to remove the catalyst and concentrated to furnish pure products 5a-j. 
Results and Discussion
Characterization of the cellulose sulfuric acid (CSA)
The FT-IR spectrum of the catalyst (Figure 2 ) exhibited a broad peak for OH group at 3100-3600 cm -1 . The peaks from 1162-1058 cm -1 and at 898 cm -1 represented C-O stretching, C-C skeletal vibrations, and C 1 -H ring stretching of the glucose unit, respectively. For sulfonic acid functional group, the peaks at 1162 and 1058 cm -1 of O=S=O group (asymmetric and symmetric stretching modes) had merged with the peaks of C-O stretching and C-C skeletal vibrations of glucose unit of cellulose moiety, whereas the peak for S-O stretching mode was present at 662 cm -1 . 27 Powder XRD (Figure 3 ) of CSA showed characteristic diffraction peaks for cellulose moiety at 16.5, 22.5 and 34.5°. 28 The SEM images of CSA (Figure 4) showed smooth, compact and homogeneous fibrous surface.
EDX analysis ( Figure 5 ) of CSA showed peaks for C, O and S elements.
To evaluate thermal stability of CSA, TG and DTA experiments were carried out and the thermograms are illustrated in Figure 6 . For TG and DTA analysis the sample was heated up to 500 °C at a constant rate of 20 °C min -1 in the nitrogen atmosphere. The weight losses found from TG analysis measurements agreed fairly well with those expected for the decomposition of cellulose sulfuric acid to cellulose and sulfuric acid group. For this catalyst, the thermo gravimetric curve seems to indicate three-stage decomposition which was due to removal of physically adsorbed water (70-100 °C). Decomposition of the sulfonic functional group with rapid evolution of SO 3 or SO 2 between 200-330 °C took place and further gradually up to 500 °C which may be due to decomposition of cellulose showing mass loss of 34%. DTA measurement was performed in order to provide further evidence for the presence of the various species and evaluated their thermal behaviour ( Figure 6 ). In the curve, the endothermic peak at lower temperature showed the removal of the physically adsorbed water from the material, while the endothermic peaks at higher temperatures (250 °C, 500 °C) represented the decomposition of cellulose sulfuric acid to cellulose and sulfuric acid group.
Synthesis of bis-chalcones (3a-e)
The synthesis of bis-chalcones (3a-e) was performed in a manner as outlined in Scheme 1. The structure of isolated bis-chalcones was verified by elemental analyses and spectroscopic data (FT-IR, 1 H NMR, 13 C NMR and MS). The infrared (IR) spectrum of 3a exhibited the broad band for OH group at 3106 cm -1 and a sharp, strong band at 1719 cm -1 for coumarin carbonyl group. The carbonyl group of propenone moiety appeared as strong and sharp absorption band at 1668 cm -1 whereas band at 1620 cm -1 was assigned to carbon-carbon double bond of α,β-unsaturated system. The 1 H NMR spectrum showed trans olefinic protons Ha and Hb as ortho coupled doublets at d 7.41 (J = 15.56 Hz) and d 7.91 (J = 15.68 Hz), respectively. All other protons were present at their normal values. The 13 C NMR spectrum showed signal at d 188.66 for α,β unsaturated carbonyl group whereas olefinic carbons C-2' and C-3' were present at d 122.16 and 153.51, respectively. The other carbon signals appeared at their appropriate positions. Mass spectrum of 3a showed molecular ion as M + + 1 peak at m/z 507. A plausible mechanism for the formation of (3a-e) is depicted in Scheme 2.
Synthesis of bis-pyrazolines (5a-j)
Bis-pyrazolines (5a-j) were synthesized employing (3a-e) (1.00 mmol) with hydrazine derivatives (4a-b) (2.00 mmol) in the presence of CSA under same reaction conditions (Scheme 1) ( Table 1 ). The IR spectrum of 5a showed two broad absorption bands at 3257 and 3201 cm -1 due to the presence of OH group of coumarin and NH group of pyrazoline moieties respectively whereas carbonyl absorption band for coumarin moiety was discernible at 1676 cm A plausible mechanism for the formation of (5a-j) is depicted in Scheme 3.
Catalytic activity of CSA
The catalytic activity of CSA was explored by pursuing the synthesis of bis-chalcones and bis-pyrazolines. For optimization of appropriate reaction conditions, the reaction of terephthaldehyde (1) (1.00 mmol) with 3-acetyl-4-hydroxycoumarin (2a) (2.00 mmol) in the presence of CSA (0.06 g) under solvent-free conditions at 70 °C were chosen as a model reaction.
Solvent effect
We investigated the effect of different solvents in comparison with solvent-free condition on the reaction rate as well as yields of the products ( Table 2 ). The data revealed Scheme 1. Synthetic route of bis-chalcones (3a-e) and bis-pyrazolines (5a-j). Scheme 2. Plausible mechanism for the synthesis of bis-chalcones (3a-e). improvement in the yield was observed, whereas, decreasing the amount of catalyst to 0.04 g resulted in lowering of the yield.
Reusability of CSA
The reusability of the catalyst under solvent-free condition was evaluated using model reaction of terephthaldehyde (1) with 3-acetyl-4-hydroxycoumarin (2a) in the presence of CSA (0.06 g) (Figure 8 ). After completion of the reaction, the catalyst was recovered by filtration and was than reused for eight cycles adopting the identical protocol with a minor loss of catalytic activity.
The identity of the recovered catalyst was checked by powder XRD (Figure 9 ) and SEM analysis ( Figure 10 ). The XRD pattern was similar to that of fresh catalyst with some low intensity of peaks which may be due to the catalyst deactivation after eight runs. The SEM image revealed intact morphology after eight runs. These data establish that CSA is not damaged upon its reuse as a heterogeneous catalyst.
Under these optimized reaction conditions the scope and generality of the current protocol was further demonstrated by the reaction of terephthaldehyde (1) with different cyclic active methyl compounds (2a-e) under solvent-free conditions. All the reactions proceeded smoothly and the reaction was completed within 3-9 min to afford the products (3a-e) in excellent yields (95-98%) ( Table 1) .
Conclusion
In conclusion, we have developed an expedient, highly efficient, atom economical and simple protocol for the synthesis of novel heterocyclic bis-chalcones and corresponding pyrazoline derivatives in excellent yields using cellulose sulfuric acid as an inexpensive biopolymerbased solid acid catalyst under solvent-free conditions. Prominent advantages of this green method are broad scope, operational simplicity, practicability, excellent yields, shorter reaction time, economic viability, easy workup, and recyclability of the catalyst. We believe that this protocol will be a more practical alternative to the other existing methods.
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